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EIGENVALUES OF THE SPIN HAMILTONIAN FOR Fe* IN TiO, 


The computer facilities at Goddard Space Flight Center have been pro- 
grammed to yield the eigenvalues of the dynamic spin hamiltonian for the iron 
(Fe3+) ion in titanium dioxide (rutile) host crystals. 


The ionic state configuration for the Fe?+ ion is 3d5 therefore lacking five 
electrons for completion and having S of 5/2. 


In the host crystal orthorhombic crystalline field the six-fold degenerate 
state splits into three Kramers doublets. The doublets then split with increasing 
DC magnetic field (externally supplied). In the crystal structure of rutile there 
are two sites for the impurity ion to occupy the local symmetry axes of the two 
sites being mutually perpendicular and also perpendicular to the optical axis of 
the crystal (see Figure 1). 


The spin hamiltonian is given by? 
H, = 98 H-S + DIS?- 35/12) + E(S?-S?) + (a/6) (S4 + S4 +84 - 707/16) 


+ (7/36) F(S3 - (96/14)S2 + 81/16) 


where 


D = 20.35 +0. 1 GHz 
E=2.21 +0.07 GHz 
F=-0.5 +0.3GHz 
a +0. 2 GHz 
8 


1.1 
2.000 +0. 005 


In the tables, H is the magnetic field applied in kilogauss. @ and ¢ are the 


angular directions of H with respect to the crystaline axis as shown in Figure 2 
(a) and (b) and are listed in degrees at the top of each solution. 


The choice of coordinate systems for sites A and B has the advantage of a 
simpler matrix representation for the spin hamiltonian (Figure 3). It also means 
that the same hamiltonian may be used for both sites providing the following 
transformations are made 


tan ¢’ = tan 0 sing 
cos 0° = sin 0 cos¢. 


cute nee th ete asin ne Anal eit Saat ihe eaten tlle ea ce ae a neh tintin x puinitntitlieteinlnamns enn ttmmaen winnie ettrmmntnr mitten midininta Ansmann 






oTi 
@ Oxygen 


C= (001) 


a= [100] 


Figure 1. Crystal Structure of Rutile - 


“cv AXIS 
y = {001} y’ = [001] 


z= [110] 











COORDINATE SYSTEM FOR FES+ COORDINATE SYSTEM FOR FE?* 
SITE A SITE B 
{a) (b) 
Figure 2. 
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